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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve strain 
characteristics and to reduce leaking of current to an 
adjoining circuit by making electron affinity of the 
material constituting- a semiconductor layer and a 
difference in electron affinity in the neighborhood of 
interface between semiconductor layer to be specific. 

SOLUTION: Relating to a field-effect transistor, when a 
lower part hetero barrier wall height between a lower 
part carrier supply layer 13a and a channel layer 105 is 
higher than an upper part hetero barrier wall height 
between the upper part carrier supply layer 13b and the 
channel layer 105, linearity in DC characteristics of 
the field-effect transistor improves. In short, the 
field-effect transistor of good grain characteristics is 
obtained. For that purpose, as a material of the lower 
part carrier supply layer 13b, that of smaller electron 
affinity than that of the upper part carrier supply 
layer 13b is used. Hetero barrier wall height wall is 
decided by a difference between the channel layer 105 
and the upper part carrier suppress layer 13b, or, 
between the channel layer 105 and the lower part carrier 
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(54) [369!<7>£*fc] i*Mh7>^X^ 



(57) [Sft] 

1 4 a &?**;UH 1 0 5 t <7}J^® i£g(Dl^S 

Ltz 0 




12a : undoped-Alo aGao 7As^* ? 7?I 
13a : n-AI 0<3 Gao7AsTS$*+ 'JT&jgE 
13b : n-AI0.2Gao.eAsJb.SB 4 + U T'&ISg 
14a : undoped-Alo.3Gao.7AsT58^^— VM 
14b : undoped-Alo^Gao.BAs±$E^^— V~fB 
21 : 

100 : ¥*fe8tl£GaAs£lfi 

101 : undoped-Alo^Gao.eAs/undoped-GaAs^te^'* 7 7?I 

105 : undoped-lno/isGao^sAs^-^^^UJf 

106 : undoped-Alo^Gao.eAsva y h*-*£^B£0t® 

107 : n-GaAsT£S=J>* ^ hS 

108 : n-AI D .2GaojAsX y*>CfZ by /*Jg 

109 : n^GaAs_hgB:a ? hS 

110 : <7-->^«b 

111 : V-*StI 

112 : KH>M 



» f 



[ft8fW#©tSB] 
T. 

±E« 2 *«j*r*»»©*«HnA*^ -t 

ro«T-ssfp*j:y fr-o. -tteft i rotten 

<t -tSHft 2 t ro^sifi^romT^si^a)^ 

JifEft2©¥##li<fcJLfBft3<D#*<*li<k0>^ffi 

fBft 3ro*##ii£*gj£Tr£#m>m^»:b«fc y *'h 
5 n t, ror- fc s c t £ ft * t r h 7 > 

±iem2©^«:g^fl|fiE-r§«if4rom^ifD*A^ _t 

tern i ro-N^tfcgfiiifr t jtism 3 a>^»mmz^±> o 

[It*«4] i§^2lr|SK0>milSaiSh5>i;x^ 

±tem i w^sn*)!. si/m 3 o>*m&m &mm* -s*t 
fSfti ro¥^*JiroA i «rt*«*^ = t€««i-r*m 
[If 5 ] if** 2 icfBKroSffixSm h7>vx$ 

Vi (t) = A1 c o s 2 K f 1 t + A 

2 f 1 - f 2 . Sl/f 3=2 f 2 - M -esdstiSKft 

JS«ife(D{i-§-j$»*<> stiLis <t £ -sm-^/se^ <t & & „ 

CtLl±3?>jroffijS:^P^ (IMD3) tUftf*!., A* 



*#Pj8¥ 10-56168 
minGaP-efey. -hI2«3©^*«:|g«fcy t-tSB 

ft i <z>¥3h*ji©g a mattm^z t &mt? -smi^ 
[it*«6] tf*3S2i-tem(Dm^3am 
±ibis i ;&tfft3©¥g<*ji£*ii£-r-5*t 

ftttA I InAstfey. -tfBft3 05^3it*|f «fcy=t.t 

safti ro#»<*ncDA i sfij^jti^ct^afc-rsm 

±E«20>iM|tt:JIS«jat^-*»»ttI nGaAs-t?fc 
l J. *-0M n*&fi£f*-htBft 1 ©¥3W*JHi!!lfre>±Bft3 
©¥SH*«Hi::fi|!&*oT>J** < fc* «fc 5l=tf$4tt* L < 

i«MM*t=itft: LT^-sct t t -r «*5max h ^ 

[000 1] 
[0 O 0 2] 

[0 0 0 3] — K^>vX^(Dtii^ffi^-VO (t) 

liv A2i<i-5|£Vi (t) tLT. jy.T<D*5l^ailr-^ 

-s. 

[0 0 0 4] 

ran.] 

oo 

V 0 (t)= S an- V* • (t) 
n=0 

[0 0 0 5] ccr% A*«# (vi (t) ) ttr. S 

c o s 2 7T f 2 t (2) 

[0 0 0 6] tt&JzUKUA. M*tttt6*&fe» 
(z v mi 0fl)J:5JS:^l/^fo (DH) «*S*-r4 

lt^Slgh7>yX^ (KIT. HEMTtW^) 

#*a«Sivci*4 (CHAISE I ectronics Lett. 31(199 
5)P.2213#SS) D 

[0 0 0 7] JUTIZ, «a)HEMT(Dgil*;£JSi 
WSWtS. «lttGaAs|ffi10 0±l:, 

undoped-A I0.2 Ga0.8As/undope 
d-Ga Asift^/N'^^yfl 0 1 , u n d o p e d 
-A 10.2 GaO. 8 A s/\'777l 10 2. n - A I 0. 



(3) 
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2 G a 0. 8 As TSfl^-V M T&i&m 10 3a. undo 
ped-AlO.2GaO.8As TSX^-ti 1 0 4 
a. u n d o p e d - I nO. 15G a0.85A sf -V 
105. undoped-AlO. 2 G a 0. 8 As ±S$X 
9"B 104b. n-Al0.2 Ga0.8 As ±£04^ 
'J 7#S£J1 103b. undoped-AlO. 2 GaO. 
8 AsisBV h*— «*J^Ji6«1 0 6. n-Ga AsT 
$B=J>£^7hIIl07. n-Al0.2 Ga0.8 AsI'V 
f>^h7/«108, n + -GaAslSS^^^ 

hJii 09. Ocfc^fc. T^^;uS(7)±Tirfe5,^r-v y 

TgHSJl (103a. 103b) ttHCAl JflAftA 
I G a A s ^fflL^fc D H^Sjs$'^C*^"^-^$'* MBEl 

MO C V df(D*§!l/£&£ £flH*TIHI*BIB"<" S. 

[0008] -tOND** V-XIS1 1 1. KL"OH 

Mi i 2t»ttu a*a)5Ji«Kaffitffl^THi o 

[0 0 0 9] 

flt**lfcHEMT(D»ttlZOLxrKq8'r*o Hi 1 l*H 
1 OfZ^LfcH EMKOfiiwT^OX^^- /*> K 
SI 21*. mi OTiLfcHEMT (y— h 
iLg =0. 7/im, y— h^IWg= 200/im) <Df 
-hiEVg \z*f?Z> KU-f >«35 Id , fttfffilKb 

[0 0 1 O] Hi OICtkL/cH emkdx^;^-/^ 
KM\. 11 1 (c^-^cfc 5 lz, *<D±&^^rnmmtT& 

MTOttfflt 0*1 2lZ^-TJ:9l=. y-hlEVg 

(A*) ic»-rs KL/-<>mSn d (ffl*) 0>tt^ttA< 
<b»^»ofc«i oid/avg) (=«fcya**Lft«s 

[00 1 1] COc*:5*ISE*CDHEMT-l?l4Affl*(Da 
IKIS^ (IMD3) J^iS^^mil 

«icfei+5«»Htt^a)iiai«**<**3^ofc. 

[0 0 12] *«MI*±Ea>«fc5aiBHj![*»ftr*fc 
ttlcfcS4xfc*<DT?fcy. ttlCgmAWg (A*) lc» 

[0 0 1 3] 

[R«£»ft-r*fc*>a>*«] R**ir::ff*«jMMfc 

/^77ifc, l/<*;77lJhi:iW**ifcitlMM 



or. ±cm2o>¥*#ii««ia'r«tti409*?«¥DA 
a<. ±e* 1 a>¥»<*n, 3 <d¥*(*b £*i£-r 
y***<* jtiEmia>¥ 
t jitem 2 <o^m»m t oraamotTOn a 

[0014] if*«2ir«ss#J»*h7>i?x^(i. 
±ER**l©«*»*h9>S?X*fcfelvc* -tfijg 

o*»*»***-r*#»©**«w*j:y ti/h*t^ti 

[0 0 1 5] »**3lc«4«J|ia*hv>vX$f* % 

-tE»*ai ©*jwa*h^>s>x*ici3L\r. ±e» 

©*»#JI«^6±E«3fl!>*»im«zH*-3r. » 

[0 0 16] Rsftfi 4 fZft h ^ >V>X$ I*. 

-tE»**2<D«*ja»K^>yx*lZj3L^r. JtEK 

MDVBtom. a«K3©*»»iie«idtr*»»i*A 

I GaAsTfey. ±12*3 ytJbERl 

[0 0 17] tt#*5(c«««*»*^>yx*f* % 

-hEIII*Jl2(D«*a*h^>^X$r|zi3lxr. ±.E« 

1 «>¥*{*■. atf»3<D*sn»jit«*-rft»»tti 

nGaPt?fey. ±E*3a)*»*B«fey tiJLE*1 CD 

[0018] R3K9i6icfi««ffabKh7>e;x$fd: % 

±E»*«2(D«J l fja*h : 7>vX*lC*5l\r. ±IBS 
I I nAsT'fey. ±BS3a)f»#iJ:yt±B*1 

a>^9(*Ba>A 1 fflj«#iSi*tcDT?&£ 0 

[0 0 19] R#S7|C«4«#»*h^>vX*l** 

±ERaK4i3CD«*nKh7>^#rd3^T. ±nm 

CD 1 n|Bj£l*_heRi O¥«»Bi3&^b±ffiS30)f5 
(*R«l-«3^or/h* < 3 lc*»ttt L < (MR 

[0020] 

MtWl. *3lt6cPfigS 1 \z J: SBSSftS h 9 >v 
TSMrY'JTift&B (TRX**— *B) 0>*m 
ir. Ji»*^y7««B (±SUX^— y-B) *y*«T 

R»»a>^SL^*r»tffl^*cfcjZct y. ts*^'J7 



[0021] mmm 1. n i**njSEo)^ss i (ommm 
i rcfeit«**«ijiih^>yx*©«ij»**-rBfiB«* 

B-Cfcy. BICfeL^T. 10 0I^MIiGaAsS 
ffi. 1 O 1 (ifttSttG a A sSfi 1 o±i:MStif= 
Jlil 8 O 0 0t>^X hn- A0u ndoped-A I 

0. 2 G a 0. 8 As/undoped-GaAs tite^/* 

12lia»fF/^77Bl0 1±i:M*h 
fcKfl[2 0 0 0^">^X hP- A(E>u n d o p e d -A 
lx G a 1 -X A s ^777^, 1 3 a tt/^77l 1 2 
±l3**hfc«l5 0t>yxhP-A, MdrL 
TSi, fc4lM*S e*£Ttt»SK3 x 1 o18 C m-3 
^n-Alx Gal-X Asm-V'J7^1, 1 
4 aliTSMr*'J7flM&» 1 3 a±|C^fiRS*lfcH«3 
Ot>^X h P-AO undoped— Alx Gal-X 
A s TW**— 1 0 5 liTM*-*— 9-JS 14a± 
lwf^nt**tfc««2 O 0^->^'X KP-Afl)u n d o p 
ed-lnz Gal-Z Asft^Hs HblifV* 
;H1 0 5±lcrai*S*lfcBOT3 0^*>^X hP- AO) 
undoped— Aly Ga1-y As -LSPX'*— tf-Jf. 
1 3 b |*±8W<— 9-H 1 4 b±fC^fifc**L/=Kff 1 0 
Ot>^hP-A, ^j3&!&]£ LTS i . &«lM±Se 
V£?MfeME3 x 1 0l8 C m-3^^t;n -A I y G a 
1-y As±a*t'J7ft«B. 1 0 6li±a5^r^»JT^ 
1 3 b -tlZj&jaStlfcKW 2 0 Ot>^X h □ — A0) u 
ndoped-Aly G a 1-y AsV37 h^— 

1 0 7liv3 7 h*— ftftXMUl 1 0 6±{Z$m 

1. fc5LMiS e*£=F«tt»£5 x 1 0l6cm-3-C# 
tn-GaAsTS3>^hI, 108l£TaJa>£ 

CDn-A 10. 2 GaO. 8 A S I-^>W h^/^H. 1 

0 9liI^f^Xh^/<Bl 0 8±lC»*StlfcB« 
2000t>^XhP-A, W«3d:LtSi, fe£l> 
liS e¥^»fj|2 x 1 0l8 C m-3-e^t;n + _ G 
aAsD>^{7hI, 1 1 OliV-Xl^ 111I4K 

BfziS^TBl 0fcB-»*l*HI-Xf4«^r*» 
[0022] #«Jf40M/«it^^-rx. y, z 

(o<x, y. z<d omit. y 

Zfc^&b&l^. frOn-A I X Gal-X A s TSU^r 
* y7«$£If 1 3 a (DA I ( X) (7>;5A<. n-A 

1 y Gal-y A s ±SMr* 'J TflMSB 1 3 bCDA ! <D*I 
J« ( Y) cfcytS< (x>y) «C««k5 0. Ky<x 
<0. 4, 0<z<0. 2 5<t-f£<Z)ri<cfcyM3:L<. 

3. y =0. 2. z =0. 1 5 t Ltz 0 
[0 0 2 3] *Hffi«1 OtSMh7>vX^ 
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s-cfey. archive, bi. xi*ai otH-flff(* 

[0 0 2 4] *SIttGaAsifil OOll:, 

undoped— A I 0. 2 Ga0.8As/undope 
d-Ga As@(S : F/\ 4 777B1 01, undoped 
-A lx Gal-X As/\*777l1 2a, n-Alx G 
a 1-x As TSP^r^ l ) T&S&JI 13a. undoped 
— A I X G a 1-x A sTaJX^—* t^H 14a. undo 
ped-Inz Gal-Z As^-V ^;UJ§ 10 5. u n d 
oped-AlyGaH A s±$PX^<— *tf§ 14b. 
n-A I y Gal-y A s JtSMrA* 'J T^Sd 1 3 b. u 
ndoped— Aly Gal-y Asi/a*; h^— fga?J2 
JSJI106, n-GaAsTS3>^hH07, n 
-A I 0.2 GaO. 8 AsX-/^>^X hy/*— ill 0 
8. n + -GaAs=l>£^hJi109. JMBE^ 

MocvDatti:o«a«ftasffli^TiiR*aji-r*. 

[0 0 2 5] *C: % -L&CDcJ: ^fCffiJl Lfcn + -G a A 
>BfciMMb***£*4 : l-eS^Lfcx-v^Wh 

SfflWIyf>yXh^Bl 0 8ft'ISl7f> 
^L. fOtl^f>^h7^H 0 8$RiLt, 
12(a) iC^LfccJ: 5£f?M »J*X 
[00 2 6] :OI/vXh7X^2 0f^l, 

(B^-a-r) £l£*L. 3fJM«Ricj:y*2y-bxtft 

zti&-*x5iz % *fe«]g£|»*u »2y-bxfcft*« 

h£K^L. »2"J4zXttt*««(r|||!PtW-r*fftJt 
12 1 *X>KfciMMb***4 : 1 "CB 

0 II 2(b) lc*LfcJ:5ft»2 'JtXg 

[0 0 2 7] Si:, ilf:ws i . &i;auSI*x/< 

Xh£?IL (H^r) . sy>^. 

R I Elzj: y A u. SWS i £R£Lfctt. $ 

v^h^L, ^iicT- — ;u^js-rct^cfcyx^ 
^>^yy-^(DiHia$fxor. 12(c) i=«Lfcy— 
higi 1 o^atSc 

[0 0 2 8] *fZ, ±ICL/vXh$itL, ¥S§JIK 

«?x^^L, mmnn^ommmz i 

4 0 ^<DSL yjf«£fctt. U» 



(4) 
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^hS»SLtv-«ai i i. &i/K^>iffii 

[0 0 2 9] £TF. *Ha60)^«1 l-«fc*Hlfi«1 0>« 

3 i±*£no£t&a)j&n i i^ct £^j£0y 1 ot^as k 

— h^Lg =0. 7//m, y-hiVVg = 200/im) 
0) KU-f>*Jfc I d . MtHKU-O^^^^^ 

[0 0 3 0] *K0>*W#&f±. IJfMh7>vXj 

•xaKMiB*<fey*SL^^lc. fOlSMh7>v 
X*a>DCWttl=j3lt**»tt36<B±-r*. HP*£*tt 

gp^irPBss*^-tSiJ^ j fpi»ss*«fcy 

aSH7>yX^$#5fcAlc, T»**'J7ttl8H 
[0031] ^nugftsi*. i o 5 tJb 

S+^U7ttfti13b (±^-^I14b) ct 
(7), fc«lM±?**JUj| 1 0 5 £TSa>**'J7«lfcB 
13a (^-ti14a) £ a>MT?G>W?«»AG>S 

[0 0 3 2] 

[»2] 





C. V) 


A l A s 


2 . 6 2 


G a A s 


4 . 0 7 


I n P 


4.40 


GaP 


4 . 0 


I n A s 


4.90 



[0 0 3 3] ZtllCj: y. Wilis A I G a A s CDM^^ 
ft* I*. A I Asa)l^gjffl^2. 6 2fc7;US0>*&d£ 
xt©at, GaAsOl^M4. O7tGa0i 
f*1 -x fc(D«fc(D»lCj:y*a&4£fctfT?**. Vt-z> 



•JT«ISJI*±»*^yT««»J:yA l*Sj£<D*£lx 
*f»lz<fcy^J*r*-i:-C. TB'vxnMMSa&UiW 
^fPBtB* £ y Wl^ff»*h7>5^«i 
^ttfV^&o ±». atfT«4t'J7« 

*&g (X*— 9-B) *InGaPj:lJ4SMlt 

7 A I I n A s J: y ft5«*f*. cfc y A I ffij£ 
a)**L^»«T8*t'J7flt»II=ffll^Cf^ T 

sj^t- p p$m^ $ *<-t»^ t- □ ©ss * * y t ki*«sii 

[0 0 3 4] ;i(D<fc?ft. TSB^t 1 P SMig £ ti<±U^ 

±S5^^ p mmm * «t l h7>vx^ 

DCSt (11 2) tStttt-Tftt* Hi 2lz;fcltS*§ 
S KU-f >3>^^>Xgra <D?^y\t* I d (ffl 

- JE t ft « £ 5 ftfflttiWS i: A/ fc* ft 1*0) 1= » L . B 4 |z 

Id (Hi*) «*rzfclf5gm OfiltfBl 2©ta>*y 

s<. v 1 v~o vommx** gmoffi^fsrs— 
scDfiis^LTfcy. *jtifi<D^Bi a>«»a»h^> 
S?** (14) i* % ^a)isash7>vx^ (Hi 
2) iftt-<r*a>Dci»ttfcfcMt4«»ttA<a[#$*L % 
S*4#tt*<A< ft or l> So 

[0 0 3 5] ^(7>cfe5lC*:||J6fl>^Jg1 lCj:«XttffM 
ircfctLfi. n-Alx Gal-x AsTS*t'J7«^B 
1 3 a (DA I 3&&j£x £ % n-Aly Gal-y A s ±&*r 
* U7fl«iB 1 3 b CO A I Ifldty «fcy*#l^t,(Dt L 
T»*«fr»J7«ttll1 3 a(D«*-«fn*t±»** 

'J7WSH 3 botTa»*efey t/h*< LfcOT*. 
t^t- p vfix £ £±a^-r p mm s * y is < -e 

[0 0 3 6] ftfc. *lfi«1 <D*»jft* 

$^p-bx#ssi4'icst>-r^rasat)-rci:^T?*. 

y S« Lfc«ffi»tt<D*^«>|itr * c <t *<-c 

[0 0 3 7] ^JSC!I2. *I6J60)JBS1 flJ^i66«2ICfc 
(TSBX^— 9-H) y^* < Lfc 



(6) 



<f$flg¥ 10-56168 



[0038] mste^mmmmi ommm 2\z&nz> 

BlCfcl^T. 100WlfeiSGaAslS, 10 11* 
4M«3£ttG aAslfilO 0_h{Zff^$K/cHll8 O 0 
Ot>^X hP- AOu ndoped-AlO.2 GaO. 
8 As/undoped— GaA sg^'^yis 

5 2 aiiSte^Ay^rif i o i ±.\^nm^Mzmmz 

0 O 0^->^X hP-AG)u ndoped-Inl-x G 
ax P/^yyrM. 5 3 a .li/W :?T)i 5 2 a_tlZff£j£ 
£*T,fcKJ55 Ot>^ KP-A, ^itltSi, 
fc£lMiS eH?TOMg3 x 1 0l8 C m-3-C^t;n 
-Inl-X Gax Pm^J7tt» 5 4aliTai 
^r^J7ft^!5 3 a±\zr*J&£tltzmm3 0*>7* 
h P — ACD undoped— I n1-X GaX PTSPX'* 
-Vm. 1 O 5(iTSiJX^— 9-J15 4 a_t|Zjf^^ttfc 
112 0 0^-><f7. hP- ACDu ndoped— I nz 
G al-z Asf t^JH, 5 4blif t^Hl 0 5± 
ICff^^tLfcmJ53 0*><f?\ hP~ ACDu n d o p e 
d - I n1-y G ay P±gPX"<— V-m. 5 3bli±S5X 

3 x 1 018 C m-3tr^it;n — I n 1-y G a y P-hptf^-V 
'J7^H. 5 6 bIi±a5^r-V'J7ttlS)i5 3 b(7>JL(C 

^^$n/cM/¥2 O 0^">^X hP-A0u n d o p e 
d - I n 1-y Gay Pi/37 1 O 7 

liv 3 *v h*-J£^/£Jf 5 6b ±fc^^4x/cmJl 1 

0 0 Ot>?X h A, ^tltSi, fo£lM* 
S e^£^»^;tJg5 x 1 o16 cm -3x*#t;n-G a A 
sTSS=l>2£ hB. 10 8liTSP=i>^^HI1 0 7 
ilr^rtStlfcttflfl Ot>^ hP- ACDn-A I 0. 
2 Ga0.8 Asl7f>^h7/* 1 0 9ttX7f 
>^h7/^H 0 8±|r^$tLfc^H2 0 0 

fc^lJt 2 x 1 Ol8 cm -3-e^t;n + -G a A s 3 
^ hB. 111liV-Xta, 1 1 21* KU-f>lS, 

1 i oii<f-hmS^^tL^^Lr^^ e 

[0 0 3 9] fcfc. ft«»G>«J*tf:£3F"*' x, y. z 
(0<x. y, z<1) (Dill*. te^Fg^gtffc^y 
< &£>&l^T*. frOn - I n1-X G ax PTSP^-V 
'J 5 3 a(DG a (DffifiE ( X) (7)^^. n — I n 

1-y Gay P±a5^^'JT^fl5 3 b<Z)G a <D*lJ£ 
(Y) *yt»< (x>y)44J:50. 4<y<x< 
0. 7, 0<z<0. 2 5*fr^CDA<^yM^L<. * 

6, y = 0. 5, z = 0. 1 5t Lfc e 
[0 0 4 0] iaT\ **IK«2a)«»»jRK9>i?X* 

©aa^arwOt^rittwrio melius t?5fl*:«S 



[004 1] *«*ttGaAsifi1 0 0±[Z. 

undoped— A I 0. 2 GaO. 8 A s / u n d o p e 
d-Ga AsM^/N'^^yll 0 1, undoped 

— I nl-X GaX P/\*777§52a, n — I n 1-X G 
ax PTSB^ U7#y&H5 3 a. undoped-I 
n 1-X G a X P TSPX^—- tf-B 54a. undoped 

— I nZ G a 1-2 A s^-V^UB 105. undope 
d — I nl-y Gay P±aJX^<— 9"B 5 4 b. n — I n 
1-y Gay P±aJ^r-V'J7tt$&jl5 3 b. undope 
d — I n 1-y Gay P is 3 V h+— }g^j£B 56b. 
n - G a A sTa=»>^^ KB 1 0 7. n-Al0.2 G 
aO. 8 A sl'>f>^ h^B 108. n + -GaA 
s=l>£^ KH 09. £MBE;£. MOCVD^if 

[0042] ;^(Z. ±i£n(7>cfc5(caBL/i:n + — G a A 

sn>^^MiO90)l®[;, m^S^^^ICcfc 
y±il[=»l*L* S6f3*a>±Slcixi;x ^^m^Ltz 

TV-XM1 i 1, AtfKU-f >«ai 1 2SMt 

So 

[oo4 3] -toft^aicuyx hsaftLr^JtaUR 
f>^h«>^li 0 8*-es«x^f>?L, ^a>ft 

iyf>ifXh7^i10 8^Lri6(a) (ztfL 
fc<*3fc. mi yirX^MJ^-rSo 

[0 0 4 4] CICDUvX h7X^6 0 £R&^L. 

£^*L. *Jl«IIE-C*2»J-b^fc«:*iB««=lllPS* 

in^tMlle 1 *a>ft*&l::*x. 

fc«LM*»E»£»»*b***£5 0 : 

y^-*? Is h $^l N T. TSU=i>^<7 hI1 07fva y 

h*-fl^«§5 6b^-(?^Lt, 06(b) ir^L 

[0 0 4 5] ^(Z. L/vXh6 2^lLf:f$^ ±M 

»l/vXh62$»it4uttB6(c) Ic^-fcfcdfc 
y-Ktffl 10SU7 h^-7fzJ:y^L. m^ja^ 

[0 0 4 6] ftjsy— h«ai*. WS i irAu^aiL. 
tzl><Dt Ltzt<, Ti/AI/Mo, Ti/Pt/A 
u, fe£> IMiM o / A I /M o $-Hll^HB Ltz^iCDt L 
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[0 0 4 7] Z(D£?IZ % mmmZ\Z^h\^ n- I n 
1-X Gax 'J 7tt$oJf 5 3a <0G a (DffiLrft x 

£n- I n1-y Gay P±S5^^ 'J7tt^l5 3 b CD G 

5 3a £±3!^ 'J 53b <D«^ 

[0 0 4 8] fcfc\ HJfi«2CDa#jaS h7>vX^ 
36 -So 

[0 0 4 9] HJfi«3.'4. *:Xtt(D»8 1 OXttft 

3, 4irfcit4«*aiRK : 5>v^$n4. ±&mmm 

i. &i;2a)t*M h7>^x^ 

ut, mtU7«iM (Tax*— «■■) com^a 

±exttM 2 1 H«fl> 2 « y -t **-r « t a) -c • 

[o o 5 o] muttnmcommi ommm3. a\z*$ 
aaa-efcy. Bicjst^r. 7oii*»«i4i np^ 

ffi. 7 2lS4M&Sitt InPift7 0±fCjf$J5E*tL/tJSE 

2 500t>^hP-A(Dundoped-A IX I 
n1-x As/^77l, 7 3 a f*/ < ? 7 » 7 2±\Zl& 

i. fe^lMiS ef ^SMg3 x 1 0^cm-3tt 
fcn-Alx I nl-x AsTgP^^^ftJgl, 7 4a 
[*TSfl**y7«*S»7 3 aJtlC^fiE*+tf-Kli[3 0* 
h □ — ACT) undoped— Alx In 1-X As 
TSUX*— 1 0 SliTSPXK- *|I7 4 a±lZl& 
JS**lfz!SJ?2 0 Ot>^X hP-A(Du n d o p e d 
-Inz Gal-Z Asft^H, 7 4bf^t^;H 
1 0 5±lZtem$Htzmm3 0^-><7"X hP- A<7)u n 
doped-Aly I nl-y As±9X^-1M, 7 3 

bii±»x'<— tfi7 4 b^zxmztitzmmi oot 

>^hP~A, ^tLXSi, fcl>LMiSef^ 
Wfelg3 x 1 Ol8 C m-3ttt?n-A I y I n 1-y 
As±§fl**'JT«*SJf, 7 6l4±»*^y7tt«l7 

3 b±\zmf& £ tltzm& 2 0 0;f>^X h P — A<7> u n 
doped- (A I 1-t, G a t) S Inl-S As (0< s 
< 1 , 0^t<l) >a v h*— Jg^JBfiML 7 7l*v 

^hP~A, MtLtSi, fc&lM*SeS|£T 
«!fe)il®5 x 1 0l6 cm -3-c^t;n- I n0.53, G a 0. 
47A sT£!S:3>$£ hJI. 7 8(iTSiJn>^^ h^7 7 



±izmm$iitzmmi ot>yx kp— Aa>n- \ no. 

48, G a0.52PXy^>>f* h-y/^Jf % 7 9(*X^^> 
h7/^l7 8 JilZ^fiRStifclK«2 0 OOt^X 

hP-A, WatLTSi, &%t>(iSe«$7MM 
;sJg[2x i o18 cm -3-^^t; n + - i nO. 53 G a 0.47 
A s±Stf:3>£<7 hH. 1 1 OliV-Xfg, 1 1 114 

K 1 1 2l*y— h«a*-t*t-P*L^LTfe 

y. ^(c^^TBi fcH-»^i*H-»xiiffia-r4ffl» 

[005 1] #TO0)Mlt5^tx, y, z 

(0<x. y. z, s. t < 1 ) <Dm*+ «^TH«K 
*<fe^y*:#< ft&ftt^-C. AOn-Alx I n 1-X A 
sTSMr-V'J7t!U&Ji7 3 a CD A I 4>fij£ ( X) (7)^ 

n - A I y I n 1-y A s -hSP^r-V »J 7 W»J1 7 3b 
(DA I ( Y) ^y tS< (x>y) ft* J: 5 

0. 3<y<x<0. 7, O. 4<z<0. 9. 0. 3 
<s<0. 7. 0^t<0. 3 k-t&CDtf&Vm&L 
<.*SM6«3. 4T*I*. h7>9X**tt**iLT 
x = 0. 6. y = 0. 48. z = 0. 7, s = 0. 4 
8. t=0. 2tLf:, 

[005 2] £LT. *^J£0!13. 4CDm^5a^h^>v 

x*o)«ji*ai=oL\TiftiB-rs, *^te^3. 4 cam 

7 0_tlC. undoped— A I x _ I n 1-x A s/\'*>7 
7i72, n-AlX I nl-x A s T8MF"* 'J 
73a. undoped— Alx In 1-X As TSPX* 
— tJ"B 74a. undoped— InZ Ga 1-2 A s ^ 
^^J^M 105. undoped— Aly In 1-y As 
±SPX^-+M7 4b, n-Aly In1-yAs±gP 
4r^'J7Ml7 3b. undoped- (A I 1 - 
t. Gat)s Inl-sAs (0<s<1. 0£t<1) 
v 3 V h *c— J££ff2j£Ji 7 6. n - I n 0. 53, G a 0. 47 
AsTS3>^^hl77 % n-InO. 48, G a 0. 52P 
X^>^X h-y/\°Ji7 8. n + - I n0.53 Ga0.47 
A s±SP=3>^^ hi79, SSHiLfcSL HJ60D3-C 

i«ifi«2<DH6a>Aai:ra«fc % v-x. k^>i 

ae^fitL, mi y-irX. &l/m2'J-t:X£ff2j£LT2 

sy-trx^igcDSsaah^vvx^eiijt-rSo 

«4-Cf4. -tE#J!S«JILfc*. HSS«1C7>S2<Z>* 
;5fei:[Hl*$lc. mi 'J-feX. S2UtxB^L, itf^^f 

C0>**«3. 4-Crf*. ±IS#/f £*SJf Lfc&C7>X*IfZ 
fcl>T. n-In0.48. G a 0. 52 P X y ^ h 
I78tt'n + - I nO. 53 G a 0.47 A s±.gp=l>^^ h 
B7 9^I'^>yt5ISfl)X7 5 1 t>h, un 
doped- (A I 1-t. G a t)s I nl-s A s (0< s 
<1. 0^t<1) y3 7h^«l7 6n*n 
-In0.53, G a 0. 47 A s TSfJ^ hi7 7 Jl^ 

^>y-T^lga>x-v^^> HiMfc&j&VHiiSfflll . 2 
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[0 0 5 3] Za)J:5I=. HSS0IJ3, 4ClJ:*U£. n - 
A IX I n 1-x A s ToU^F-V 'J 7fttnl 7 3 a(DA I (D 
aSxJn-Aly I nl-y A s ±pP+-V 'J 7^$ol 7 
3 b <D A I (Dt&tfty LT. T$fl*-V r J 

7«3&B 7 3a <D«iMBttrt * JlSB* * »J T««JB 7 3 
b(D«*««**y/hS < LfcOTf, ±Ej6J6«1. & 
tP3^(c. TS^f P»eK*#±35^ J rPRMS 

[0 0 5 4] fcfc. J6Jfi«3-ei*. ZCDfiJ^^ 

Cfc3b<-e#*. £fc ±BM6«M ~4lzj3ivc* y-tr 

So 

[0 0 5 5] ggSE<PJgB2. ^Htfig)^S2^^4gS 

TS*v , J7'SU6B«fr& 
±SP+ VJ7 «*SHffl9f= fi) A* o r . & * ic/Jx £ < 4 cfc 
Sctx-. TS3^ J rPRgSS£-tSi'^rP 

[O 0 5 6] #U£#J5. B9r^XtEa)^ffi2l=J:«X 

mm 5 <d«#msis h7>yx^ o«iifi« sK-rsrratstB 

■Cfcy. 0 9(a) Cljfcl^T. 10 0lif**ltG^As 
Sffi. 1 o 1 lif JffilttG a A s M 1 0 0 ±l:M* 
*lf-BJ¥8 O 0 0t>^ hP- ACDu n d o p e d - 
A I 0. 2 G a 0. 8 AsXundoped-GaAs 
^^771, 1 0 2ttfiW/^y77i 1 O 1 ±IZff2 
j££*lfc^H2 0 0 0t>^ h P — A (7) u n d o p e 
d-A I 0.2 G a0.8 A s/t?7rff « 1 03ali/\*7 

7?i i o 2±\z%mzi%tzmm5 ot^'xhp- 

A, ^^LTSi, fc5lM*S eSf£*tt«3»ffi3 
x 1 0 18 c m-3x*#t; n - A 10. 2 G a 0. 8 As TSU^ 
■V 'J TtMSB. 1 0 4 a l*T»** »J 7«#SB 10 3a 
±IC^j££;K7cIIJl3 O^^X hP— A<Du n d o p 
ed-A 10. 2 GaO. 8 A sTSflX'*— 9"B. 2 O 5 It 
TSPX^— y-Bl 0 4 a±|Z»fifc*ttfcK«2 0 0*> 
F* P— ACT) undoped— I nZ G a 1~Z As^' 
I/-T Kft*;H, 1 0 4 61^^^12 0 51 
\Z%2mt?tltzm&3 0*X?7. hP- ACDu n d o p e 
d - A ly Ga1-y As -tSflX'*— -*JI. 10 3b it± 

ftx*— y-B i o 4 b±i:Mi?*if:BIi o o*>y 



X h D — A, ^ftj^LtS i, fc£lM*S e^£^$$ 
Mt3 x 1 o18 cm -3-e^t;n-A I y G a 1-y As 
±»* J r'J7&tem+ 10 6li±^'J7i103b 
±\ZltZj££jlxtzmf^2 0 0^->^"X hP- A<7)u n d o 

p e d — A I 0. 2 G aO. 8 A s v 3 *V h*~t£^JF£j£ 
B. 1 O 7 Ity 3 7 h*-»tMB 1 O 6±I3I«* 
*1*:JIIJS1 0 0 Ot>^ hP— A. ^«ife)<hLTS 

i. ftilMtSe«i?tt*U5x 1 0l6 C m-3-C$ 
tn-GaAsTS3^^hI, 1 O 8 liTSfl^ 
>> KB 1 O 7±|z^/$$*if-^mi 0*>^X KP-A 
G)n-Al0.2 Ga0.8 Asl7f>^h«>^l, 1 
O 9liX*y^>^X hv/$m 1 O 
2 00 0t>yXhP-A, ^tLTS i, 
(iS ef^^SlIg2 x 1 0l8 C m-3-e^t;n + - G 

a A s KB. i 1 Oliv- xti, 1 1 iliK 

uom i i 214/f— h«asfiifjiisit6 
[0057] *njs<Dff^S2iCcfc4^5s<5ii5a)m^3as 

O 51*^(0 I n«*zA^^*;UBT«BA^5)±»lC|pI*x 

otzi^bz2 (o<z2<zi<d izmmfti^ 

<fcLTl>£t<7)-efe5 0 zl. z 2 (Dfi&lif&^g^Jg 
tffc* l J**<ftbftU0<z2<2l<0. 25tt 

Lts z1=0. 2, z2 = 0. 1 d:Lf;o 
[0 0 5 8] JUT. *j8HB0)^«2lCc*:*S6Jfifl5(D« 

»a»h^>i?x*(DKjS»aico^Tttwr*. ^9 

l=* L fc*Ht£« 5 CDBSSaS h7>vx^ (DSit^^ 

I*. ^JSlSGaAsIffil OOJlCI. ffl&=f-tly-?T 
11 OK undoped-AI0.2 Ga0.8 As/^7 
7711 02. n-Al0.2 GaO. 8 A sT3^t'J7 
Gt*SB 103a. undoped-AlO. 2 GaO. 8 A 
s TSflX'*— 104a. undoped— InzG 
a 1-2 As ^U— "r-f Kf t*;H2 0 5. u n d o p 
ed-Aly Gal-y As JLSJX^— 9"B 10 4b. n 
- A I y G a 1-y As ±SJ^ U 7tt$SB 10 3b. u 
ndoped-Al0.2 G a 0. 8 A s v 3 y h^— 

n-GaAsTaS3^^hI107, 
n - A I 0. 2 Ga0.8A sl7f>^ h 'y/*B 1 0 
8. n + -GaAs3>^hH09, C7)£-B£f§B 

■r^>^. yu-f-f *v Kf-v*;H2 o 5Jsmo>«B 

li. tt*«tLt*LfeHl 0 0)4,0) 4: H«"(?fcy. C 

[0 0 5 9] *H«6«5fzfeit*yL/— T-f V K*** 
7UB 2 0 5 CD«itXgl*. I n (Df&f&it z TS5^ -v 
'JT«f&B 1 0 3 b«3^6i»*^y7«liB«i1 0 3 
a dlSj^oT. 0. 2^bO. 1 lZfK4lC/J*£ < ft^J: 
5l:^0)y*L/-f< V Kf «V^H2 0 5 ^^S-T^p 
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[0060] iiiT, *nmv>%m2\z&&mmm5<D'm 

mmzftfr^X'&*\ZfrZ<ti:Z>& : OlZ^ Efl^InGa 
A s yiz-f-f *V K^V*JUJ1 2 O 5<D I n(DH&j£tf^ 

Tm&frt>±m&izftti^-oTm*iz^£ < 5iz& 
cos 4 <t □ mmmz ^ytKt^ct 

loos m mmme. ^mmmecom^^^^^iy 

12 05$, I n<Dt&f£ztffg&Wzmt'fZ>XTV? 
yu— x-f ^ KISiti: Lf-^CDT'^y. 19(b) te^U 

[0 0 6 2] *HJ£0g 6 (4 . ±IEH^J5(D^^— x< 

O0| (20 5 a, 205 b. 205 c) «):^«i:§Xf 

me(D?\s— "t* v K***;UJi2 0 514. I n CDfclfifc 
#z 1 "Cfe^5 Lj e^;Uil2 0 5 c I n(D£fij£7b<z 2 
t'fc^f^^H2 0 5 b I n(D*£/£rf><z 3-Cfc£ 
f?*)VMZ 0 5 a £ Jcy#y. ^CD I nffl/Sztf^-V 
*;UjfT/i^£Kf£#fCz 1 ^z 2->z 3 (0<z3 
<z2<z1<1) £^tLTl^t,0>-T:fc5o zl. 
z2, z 3 0>(lli. ^^^^Jg^3b^U^*<^:i=>^ 

i*o<z3<z2<zi<o. 2 5*<hsl<* *3«6 

«6-(?tth7>yx*SllStltLT2l=0. 2. z 
2 = 0. 15. z 3 = 0. 1i:Lf: 0 ^l/-f^'>Kf 

[0 0 6 3] *S8i6«6a>«»a*H^>vx$a>aiS 

S&I4. ¥*ft«t£G a A s Sffi_L|Z undoped-A 
I 0.2 Ga0.8 A sTS&X'*-— 9-H 10 4a 

B«fc»BLfc*. inroitf^o. 2 (zi) r*fc& 

undoped — I nZ Gal -2 Asl205 c, I n 
CD$£/£**0. 15 (z2)T?fc&undoped-In 
ZGah As|205 b, I n tf)JSij£rf)< 0 . 1 (z 
3) "Cfe^undoped— Inz Gal-Z Asf20 
5 a £JH*J*ft*-ti\ f0t$bCundoped-A 



I y Gal-y A s_tgiJX"<— t*-JI 1 0 4 b^£> n + -G 
aAs3>^h|109 ^r*$«*f5ltilCffig U * 

[0 0 6 4] if U— ^r-f V K^**;UJ1 2 

HJ6CiJ6(cfct>rt. -tE*i6« 5 £ H«l=ffi^ttA< 

[0 0 6 5] ^lftg)»IB3. *mfcO)»»3r=J:&«HL 
aih7>vX*lt atf 2 

— 9-H) (Dttttlz* Jt«Mr*'J7ttlS» (JtBx*— » 
H) *«J ti«*«lft*(D/J^*l^*t»tffllV fro. 

[0066]StS^7. 8. 113(a) l4*glJ6<Z>J&ffi 

3cic):£gijfc0ij7. 8a>«jiya»h^>yx**^-rK 

ffi«ag|-efty. Wfi«7f4. glffiflHl -CH1 iZTTsLtz 
SB©5^fl)fY*^Bl0 5^ Hffi^J5T*l9lC=< 
Lfc^f U-^rW ^ KtF-V*;uB2 0 5(zB#jft^fctG) 

^w<jub i os*. mmmex*m9 it) ic^ufcx-x 

0 5(cM^-^x_fctCD-efe^)o 

[0 0 6 7] iCfc^T, lOOIifftttGaAsI 
ffi. 1 0 1 f4¥*£»teGa Aslfl 0±(Cff$|£3Fttf= 
118 0 O Ot>^*X h □ — ACD undoped-A I 
0.2Ga0.8 As/undoped-GaAsg^/\' 

1 2l4fi»T-/<-y^T» 1 0 1 ±lzf&tiit1% 
tzmW-2. 0 00t>?X hP- Ac7)u ndoped-A 

1 x G a 1-x A s J^vZ?tM. 13ali/^777H2 

TSi. fe^t>(4S e^*^«^)ilJt3 x 1 o18 C m-3 
t?Sfen-AIX Gal-X AsT»^'J7««ll. 1 
4al±T«V'J7^H 3 a±fZ»**ixfc«»3 
0^->^7*X h P—ACD undoped— A I X Ga1-X 
A sTSPX^— tf-H. 2 0 SliTaX^- *m 1 4 a Jl 
\Ztef&£lntzmm2 0 0t>^X hP- Atf)u n d o p 
e d~ I nZ Gal-Z A s ^l/~f>f V K^W^Ul. 

1 4 bii^u— 5^ *y t*;H2 0 5-h(c^i$$tt 

/■cll3 0^">^X hP-Afl)u ndoped-Aly 
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GaH A sJtfflX'*— 1 3bit±^7s^<—V-m 

1 4 b±l:Mi*ifeK1 1 O O t>yx h p-A, ^ 
Ufyt LtS t , fc^LMiS ef^)KMJl3 x 1 0 
18 cm -3t*tt?n-A !y Gal-y A s ±.U*c* 'J Ttt 
1 0 6I*±»*VU7IB1 3 b±lrJ^dt**tfcK 
120 0^">^X hD-A(Du ndoped-A ly G 
al-y Asi/3^h+-S^*B, 107liv3«>h 
0 6±l^fltS*tfcKJS[1 000t> 

£&!&S£5 x 1 Ol6 C m-3t*tt;n-Ga A sTSfl=3> 
£^hH. 10 8liT$H3>^^hI10 7±l:jfM* 
ftfzKJll 0:t>^X hD- ACDn - A I 0. 2 G a 0. 8 
A sX^>$fX h?/<B. 1 0 9IJX7f^'Xh'> 
/*J1 1 O 8-tlC^ja*ttfcJKJl2 0 O 0*><?X hP" 

X1 Ol8 cm -3t'tfcn + -GaAs^^^^ hi, 1 

ioiiv-xtffi, i 1 i i±Ku*f i i 2(i<f 

— hm^^^^n^LT^y. p i a. una 9 tin]— # 
[0 0 6 8] ::t\ *«5«7T?ii#*r»a>tt*lt** 

tx, y, z (0<x, y, z<1) (Dfitf*. tST^ 
£ff*<fc*"y*#<a&6l*-e. frOn-AIX Gal- 
x A s TSU^r* 'J 1 3 a (DA I CDfc&fiJt ( X) (7) 

n-Aly Gal-y As -Lfi^-V 'J 7 1 3 
b<DA I (D&tfL ( Y) «tn« (x>y) 
$ t>\Z?\s— V K5="V^;UH2 O 5 CD I nfi*z3&< 
^-V *^HT*fr&±:«lC|fi|j&*-DT z 1 fr£> z 2 (0< 
z2<z1<1) ICSficWlC^b-rScfc5l3 0. 1<y 
<x<0. 4. 0<z<0. 2 5^-T^CD^cfcyM^L 
<. *HJ&#]7T?I4. h^>vX$*#tt£#ltLTx = 
0. 3. y=0. 2, z1=0. 2, z2 = 0. 1 <t L 

[0 0 6 9] Sfc, «6«8-ettJtEHIfi«6-clttML 

zl— z2--z3 (0<z 3<z 2<z 1 <1) (Zfcfl: 

*-&*iry^u— r-r v K8KS£«f4«fc5fzo<z 3 

<z2<z1<0. 2 5fT*(7)3&<H*L<. *Sllfi«l 
8t'tth7>vX$ettS#«LTx = 0. 3. y = 
O. 2. z1=0. 2, z2 = 0. 15. z3 = 0. 1 
tLtz. 

[007 0] *HJ6^J7. 8^ ¥$68ttGaAsI 
ftlOO^bundoped-Alx Gal-x As T£fl 
X^— 4a^t*(7)&I, Mundoped-A 

I yG a1-y A s±9X^-1^B 1 4 b^b n + — G a 
A s =1 $ hS 1 0 9 ^X-CDGrmomm* StfftlW 

y frl\ undoped— I nz G a 1-z As? 
=r< v Kft*^B2 O SCDiafili-^tt-fH. H£S 
«7l?tt±EJ«S«5i:B«a>*ai=*y. Hffi#J8T* 



[007 1 ] 9 . 10. 113(b) li*llfi6C7>ff2 

■TKffi«ant?fcy. Mfc«9i*. *t£«2-eiS5i^ 

tC0T% HS60JJ1 0I4. jtJE«2-CH5f^Lfc#JBO 
5%<D^^*iHl0 5f, SU6«6t?H9 (b) IZSSL 

[0 0 7 2] g]|Zfc^T\ 1 O Ofi^MfetittGa A si 
*U 1 O 1 a¥lt«ttG a A'sXfi 1 O 0±i:»*S*l 
tzM&B O O Ot>^X hP- AOu ndoped-A 

10. 2 G a 0. 8 As/undoped — GaAs Slte^P 
/<777l, 5 2 a 1488^/^^7 71 1 O 1 ±I3« 
SF*XfdBJ?2 O O 0^~>^X hP- A(Du n d o p e d 
- I nl-X G ax P/<^77l, 5 3a \Z/<y7 7fS5 

2 a±|Cj&jaS*lfcKJ»5 O^XfX hP-A, 

£ LTS i . fcSLMiS e^£*£»it]£3 x i o18 c 
m-3-c-^t;n-I nH Gax PTffl** 'J TflttSB* 
5 4attTB*VU7ft*i5 3 a ±\ZlMtt ttfcJSS 

3 Ot>yX h □— A(D undoped— In1-x Ga 
X PTSPX^— 2 0 SttTSW*— tM5 4 a Ji 
C:ff2fiJc£*lf-^J¥2 O Ot>y^ hP— A(Du n d o p 
ed— I nz Gal-Z A s if r-f V KfV^H, 
5 4 bli^U— x>T ^ Kf-V^H2 0 5±[r^j££;h, 
fcSH3 Ot>^X hP— ACDu ndoped-Inl- 
y Gay P±gPX^<— y-H. 5 3 bli-tSPX^— 
4b±l:M^WcIf 1 O0t>^XKP-A, 
itLTS i. fc4lM4S o#*^ttfti»fi3 x i 018 
cm-3-Ctt;n-I nl-y Gay P ±&*V 'J 7 

Ji. s 6 bii±ffl** i J7'«»«5 3 ba>±\zmmtsti 

tzmiW-2. O Ot>^*X hP-AOu ndoped-I n 
1-y Gay Pya^h^-g^MI, 10 7IJv3*; 

h *r—m^tef$.m 5 6b ±\zMj& z titzmm iooot 

>^hP-A, TOStLtSi, fcSlM4Setp£ 
x 1 0l6 C m-3t^t;n-Ga A sTSJn 
1 0 8liTai=i>^^Ml 07±l:M 
^Hfc^Jll Ot>^X h P — ACD n — A I 0.2 G aO. 
8A siyf>yx b V/<H. 1 0 9l4l7f>^Xh 
O 8JifCj^fiRSixfcKj![2 0 0 Ot>^X hP 

2 x 1 018 cm -3-e^it; n + - GaAs=3>^^7 hg. 

i i 1 liv-xfg, i i 2l*Ku-f>WH. i i 0(4 
h«ffi*-t*t-f*t*LTtey. i5WB9i:H- 

[0 0 7 3] ::t\ ^ffi^J9T*(4. «-«-»(7>«fiEifc$ 
^tx, y. z (0<x, y, z < 1 ) CDfitl*. 
»^flttfft*y**<a:&<i:i^. ^On-I nl-X G 
axPTSMr^yrflMSB 5 3 aCDG aCDM* ( X) <D 
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J5ti< % n-I nl-y Gay P±^'J7ft^l5 3b 
OGa(DM ( Y) ctytS< (x>y) fc^cfc?. $ 
fclZ^L*— 7** ? K^^*;UJB2 0 5li-€-<7> I nfc§j£z 
A^-V^;UllT3S^b-taglCfpJ^oT 2 1fr£z2 (0 
<z2<zK1) CiSMI^bticfc^CO. 1< 
y<x<0. 4, 0<z<0. 2 5tf^0*^yi^ 
L<. *36D6«6T-I4* h7>vX$Stt$tSLtx 
= 0. 6, y = 0. 5, z1=0. 2. z2 = 0. 1 t 
Ltz Q 

[0074] &tz. mmmi 0T*\t±mmmmeT*mw 

LtzkolZZOXfls—T* V Kf V^;H2 0 5l4-£<7) 
I:z1-z2^z3 (0<z3<z2<z1<1) \ZfS. 

WSXfy^l^f'f * K«J£tft4«fe5lco<z 
3<z2<z1<0. 2 5tt§0*<lfL<, *tl 
#]1 0^(4 h^>vX$*#t££%JgLTx==0. 6. y 
= 0. 5, z1=0. 2, z2 = 0. 15. z3 = 0. 
1 tLtz* 

[0 0 7 5] *nmm 9. 10-ei**«8ttGaAsI 
J[1 OO^bundoped-I nl-x Gax PTSCX 
+J-JI 5 4a *T?<7)#JB. £.1/ undoped-In 
1-yGay P±«X^-*|5 4b^6n+ — G a A s 

hlf 1 O 9*"r?a>4Jl<0SJl. &tf*-4xJ2Uft<D 
WIKfft. 'J -bX^dic7)*5SttSJ6« 2 £ mUKDttlz 
cfc y fflV undoped — I nZ Gal-Z A s <f Is— 
V K?**JU||2 0 SflOrtcilt-ttL-fttjtlfiWQ-C 

tt±E**«5fcB«a>»a(=*y, xtf&en o-c?i4± 

[oo76] njfeflij 11, 12. B13W \t*nmo 
&®3iz&z>mmmi 1. i2ot#aah7>^$ 
£^-r»fffi«3*BT?fcy. n^ji 1 ii. ssifi«3t»a 

7(Z^L/r^Jl<7)5*)CO^^^;Hi 1 0 5$. 5 

Hlfeffill 2I4. mmm3Vm7\Z7p:Ltz 
&M(D : ?*>(DT J r*)l'm HJ6«6-e0 9 (b) 

IZTskLtzX^rvyVls—T* v K«l*<D4f U— 5 s -r K 

[0 0 7 7] HllrfclNT. 7 OI4¥fft«tt I n P&HL 
7 2f4¥«ttt I n Plffi7 0±lZ»Jfc**lfcK«2 5 
0 0^->^"X hP- i*CDu ndoped-Alx I nl- 
X AsA^77i, 7 3 al4/^»>^T^7 2 JtlCj^jffiS? 
*Lfc«l5 0t>^hD-A, TKSfcLTSi. fc 
41M4S e«t?ltMlt3 x 1 0l8 cm -3-x?$t;n- 
Alx I nl-x AsTa+t'JTttSI, 7 4a(4T$P 
+ ^ i ;7^l7 3a±|:i^f:IJl3 O^V^X 
h P~A0 undoped-AlX I n 1 -X As TgfJX 
2 0 5 I4TSBX'*—* 11 7 4a ±(Zfc*/££;H 
f:Il2 0 05j">^X hP— ACDu ndoped-In 
Z Gal-z AsftUi, 7 4 bl4-?U— 7 s -T V 



JxCDu ndoped-A ly I n1-y A s -t^flX^— "9" 
7 3 bl4±»x^— 4 b±in»«S*ifcKfl[ 
10 0t>^hD-A, TOatLtSi, fe£lM4 
S e|?MSg3 x 1 o18 crn -3-c«^^ n -A I y 
I n1-y AB±tt*tU7«»l» 7 614-tgMr-V'JT' 
3 b±IC^^4xfrfiIJl2 OOt^X hD- 
A(X)u ndoped — (Al 1-t, G a t)s I n 1 -$ As 

(o< s <i. o^ t < 1 ) ->3 v h*— m&f&atm* 
uitisBv b*—t£<£f&mm±izmf$.2*itzmmi o 

0 0t>^hP-A, ^<!:LtS i, fc£lM4S 
e^^^»lg5 x 1 o16cm-3T^t;n- I n0.5 
3, Ga0.47AsTS&i3>£^ hll. 7 8I4TS&3>£ 
^7hl7 7±IZ«£tf **lfcKWl 0 7|->^X hP-AO 
n-In0.48, GaO. 52PX^f h 7 9 

iiX7f>yx k^/n°S7 8±\zr*m£titzmm2 o o 

Ot^'Xhn-A, ^tltS i, fc£lM4Se 
§f£^j3M»»g2 x 1 0l8 C m-3x-&t;n + - I n0.53 

G a0.47A s±9J=l>£^ hjf . 1 1 OliV-Xf 
ffi. 1 1 1 14 KLW>m«. 1 1 2!4^f-Kmfil$^tL 
**i«LT8^ S7&tfS9£H-»^!4B-£fcl4 

[oo7 8] cc-c?. mmmi i -ei*&#m<omj&tt$: 

fn^x, y. z, s, t (0<x, y. z, s, t< 

i) cDfii(4. WW4»<M l J**<ft&ftl^ 

*vO n-AlX I nl-X As TSMr* U TgySJl 7 3a 
(DA I ( X) CD^^. n-Aly Inl-y AsJt 

»*t'J7fttti7 3b0AI ( Y) *y *■<■ 

(x>y) ^r^cfcd. ^r-r *> Kft*JH" 

2 0 5I4*<7>I n«^6z36<^^*;HBT«3&^&±«l3lS| 

i)^tzi^bz2 (0<z2<z1<i) icattttfr 

K1b^i«fc?r=0. 3<y<x<0. 7. O. 4<z< 
O. 9. 0. 3<s<0. 7. 0<t<0. 3tt5© 

$ttLtx = 0. 6, y = O. 48, s = O. 48, 
t=0. 2, z1=0. 7, z2 = 0. 53tLfc, 
[0 0 7 9] *fc % XttflM 2-CI4iESttt«l6-CttW 
LtzkolZZOXfls—T* *y Kf-V*;UB2 O 5I4^C0 

1 n««z35«^^*;uilT«ll^6J:«lcfii*xoTI«a* 

Cz1-z2-z3 (0<z3<z2<z1<1) ICffi 

ttSW;?yi/- fr; KflKftfc ft« cfc 5l=:o. 3 

<y<x<0. 7, O. 4<z<0. 9. O. 3<s< 
0. 7. 0^t<0. 3tt60tf«feya*L<, ts 
S6«12tfl4. x=0. 6, y = 0. 48. s = O. 4 
8. t=0. 2. z1=0. 7. z2 = 0. 6, z3 = 
0. 53tt^)o 

[0 0 8 0] *HJg«1 1. 1 2"ei4^$fe^1±I nPS 
$70A\bundoped-AlxIn1-X As TSJX 
^-ifl7 4aST0*B. Mundoped-AI 
y I nl-y As±a5X^-ij-l7 4b^bn + - I nO. 
53 G a 0.47 A s±Uz}>$? hf7 9^T:CDS-gCD» 
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«MS«3-CKMLfctH«©*a(=*mTtV undo 
p e d — I n Z G a1-Z A s?"U— ^r-f y K^*#^UB 

2 o 5 ©j£*f*-?-*ve*t. gt&$i i i T-ij-tEliiStfQs 

[0081] ^<D^o\z^mm<M&mz\z^iix\i. mm 
mm 1 to&mve.m-Q'&^ixtznftttom. \-3 >vx$ * 

l J S t>l-T35^T- DfggltJ 7i<±a$^T- PGtgJt!;* J: y 
[O 0 8 2] 

**U*. *IMItt©¥«H*»«-tl=. **«©/<* V 7 

1 0)*mi*f§t. ttXi0¥«M±l:» 
J«*nfc. 7>K-^. £IH±lttttiHEaft©7tt«l£ 
2 ©**(«■*. Km2(D#3tt:B±lc^* 
tifcJ±«£W^;lJt«)^$6!fei$W^-§m 3 ©¥a&(*B £ , 
tt«3©¥»ttJi-tl::»iatSs|ifc. -t©«iBI=y— h« 

ffi. v-xift at; k >ta*^Bis 4 <d 
EK2©i|tjitwis«ar«»»©«^«»*4<. JtE 

*=HH#naj:y*:**<. fro. ±ESi ro*«*Bi: 
±E« 2 ©¥^<*Ji t ©*BBiS«ffl«^«WP*©**«. 

-ti2S 2 ©*^<*ii 4: ±iem 3 ©*#<*ji t o&mizm 
^ □ Ptg©;§ * *<±gp^-x p Kg©K £ «fc y * ft ^ * © 

[0 0 8 3] B*]»2lZfli-5SfM»ft h9>5?X$l:i«fc 
±B* 1 ©*l*ISi*t 4*f»«9t«WD*tf . Jt 
£l*t©£ L7i©T% TSB^T-ofcgroft^z^fcS^-r 

[0 0 8 4] »*a3l:«*S#ja* h7>2?X^I=«t 

*ttf. ±E»*3Si ©ansa* reiser. 

±E»2©#*i*li*«rtf*#»©**«tt**«. ± 
ESl©#a9(*BfiBA^-hES3©^«9tt:|i«ll-|Sl3!»>-3 
T. tMr J: 5'»=Lfc©-C, Tffl^-rnBS 

©ft £ p m^con £ J; y t ft i * t © t & y . 



©'> ft i*« jmmi h7>v^ A<-c-#i>ja& 

[0 0 8 5] »*3S4(=«**||LJ»*h5>S?X*l=«k 

±EH©f»*i. &t/m3©¥#*n$^js-r«>« 
*4i*a i Ga As-e&y. ±gi3©fi(*gj:yt± 
Em 1 ©¥3M*B©A i fflfi&tfftl**.©*: Lfc©-e. T 
3^TP»g©ft£A<JbS&^-7 L oreg©ft$J:y =fc.K< 

[0 0 8 6] IW*«5lC«^m^a^1- : 7>v^^lrJ: 
*ltf. -hE»*S2©«*S!l*K5>yx*rzfc^T» 

±eb i ©¥3H*n. 3 ©#«t*:M$«»s-r «*t 

fttt I nGa PTfciJ, ±ffim 3 ©*MH*IS«fc ¥ t±E 
11 ©#3S«:liroG a*§fi£A<HLNt©t Lfc©T-» TSP 

p m^on * A^Jtsu's-T- p Kg©ft * j: y t, ft < gi 

[0 0 8 7] »3fcig6!::«.5gS3!l£h i 5>vX$l=J: 
*Ui. iE»**2©«JM»*l*5:/i?X$"l::*5lvc. 
JtEW 1 ©¥#(*■. J«m3©#i»tt:Ji*flMW*» 
JftliA I I nAst'feU, JtESS3©3MlH*H«fcyt.Jt 
ES1©*HK*H©A I ffiJS*<Kl^©(>: Lfc©T% T 
»^TnBES©S*A<±aJ'N J raWa©SSJ:y ; t,S< 

[0 0 8 8] it*iS7ic^^,m^5a^ h7^vx$it 

2©#aft=B$«)56-r5«J|i4tt I nGaAsU&y. * 
© I nfflfifcttJiEmi ©*»(*Bfflfr&JbES3©¥3* 
{*II«l=fil*oT/hS < tt* *5 l=tMM*t L < ttRS 
tt(=3E<b$1*-fct©-C?fe$©-e. Tgp^-xP[itM©ig$ 

^■"fDWBii «fcy t.B< 31*^14© a 

It St. h 9 > i? X * £ » * C t A< X* * -5 a JR A< fe « . 

[SsrosmftgiB^] 

[01] ^(o§£wiz£z>mmo)mm-\ iz&u-zmmm 

1 © h9>iJX^©BTH^S-C?fc§. 

[S2] c©«K(=j:siiffi«i ©assash^vs? 

[03] ^©*wi=<t*sus©^si i-fcit zmmm 
i ©m^sas h7>v^$roeiSTg©i*^-/< 

> KiT-fcS. 
[04] C©^B^|rJ;§SJgrojf^1 Irfcl+^HJgW 

1 ©S^5amK i 5>vX^©DC*#t40T'feSo 

[05] ^nmaizzi&mmomm i \zt$n&mmm 
2© h7>i?x^©Br®*ixe0r*&*. 

[06] C©«m=J:«SElE©Kai l=£ It $911601 

2©m^5a^ K9^^x^©i?igxfi$^-rsT5miE0 
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[17] z<D§&miz&$>nfaoi&&i iz&tt&nmm 
m s ] co^i:^ znmcoitm 2 1- tsazmmm 

50h7>vx^0ir®^i ((a) ) . ZLitmmme 

l/-f< 7 Kf t*;Hifi«Oit*H ((b) ) Tffc 

§0 

[Si 0] tj£*<D®»jaSH^>^X^(DBT®S^S 
[11 1] ffi*fl)tsas K 7 0fi9ST« 
[Hi 2] C6*0)S»a*h^>i>X^(DDC!f#14@ 

[gn 3] zo)§£U8\z&&nmmm3\zte\tz>nifo 
mi(D\-^>^^(D^m^m ((a) ) . §is6«9<d 
h^>vx^o)if®m^s ((w ) mmmi i<Dh^ 
>is*$a>%rmmj£m ((c) ) -e$>£ 0 

[$*-^oi&Bjn 

100 *«l4GaAsSffi, 
70 nPSfi, 

101 undoped— AlO. 2 G a 0. 8 As/un 
doped-GaA s |S t§-^/ < y 7 t B . 

102 undoped— AlO. 2 Ga 0.8 As /^VV 
7B. 

12 undoped— Alx GaH A s/<lv?T 
52a undoped— I n1-X GaX P/W ^7 

m. 

72 undoped— Alx I n 1-X A s / < ^> 7 
B. 

10 3a n-Al0.2 Ga0.8 A s TSB^r-V 'J 7§fo 
B. 

13a n-AlxGal-x AsWt 'JT^y&B. 
5 3a n - I n 1-x G a X P TSiJ^-V 'J 7^1, 
73a n-Alx I nH AsTSP^'JTMi, 
104a undoped— AlO. 2 GaO. 8 As TSP 

14a undoped— Alx Ga1-X A sTSPX^ 



54a undoped— In 1-xGaX PTdUX^- 
74a undoped— Alx I nH As T&fJX'* 

— y-B. 

105 undoped— InzGa 1-2 As ^-V^U 
B. 

104b undoped— AlO. 2 GaO. 8 As ±SP 
14b undoped — AlyGa1-y As ±SIJX^< 

— *B. 

54b undoped— In 1-y Gay P±$PX^— 

74b undoped— A ly I nl-y A s JiSIiX^s 
— 

103b n-AlO.2GaO.8As -LSP^rA' 'J 7 
B* 

13b n-AlyGal-y A s ±3$*^ «J 7flM8B . 
53b n-Inl-yGay P JlSB^-V »J TgU&B. 
7 3b n-Aly Inl-y As±S^'J7ft^ 

106 undoped — A ly Ga 1-y A s 3 V h 
*-}g^J&B. 

56b undoped— I nl-y Gay Pva^h^r 

76 undoped— (Al 1-t, G a t) S Inl-S A 
s (0<s<1. 0 < t < 1 ) $/3 7h*-ft&M 
B. 

10 7 n — G a A sTdP=1 £ KB. 

7 7 n-In0.53, G a 0. 47 A s TSJ=J 0 hB. 

108 n-Al0.2 Ga0.8 A sI'Vf>?X h^/* 
B. 

7 8 n-In0.48. G a 0. 52 P X ^ h 
B. 

109 n + -GaAs3>^hi, 

7 9 n + -InO. 53 G a 0. 47 A s _L$P=I 0 K 
B. 

1 1 0 v-^m 
1 1 1 KL"f >WHL 
112 y- hm^io 



(14) 



ftffiW- 10-56168 



CHi] 



[02] 



12a 
13a 
13b 
14a 
14b 
21 
100 
101 
105 
106 
107 
108 
109 
110 
111 
112 



109 




fb) 



undoped-Alo^Gao 7*s'< v 7 7 ® 
n-Alo 3 Gao yAsTSB * + 'J 

undoped-Alo3Gao.7AsTgB X'*— tfM 
undopecl-Alo 2Gao bAs±.^^^«— tf-JB 

etas 

**fe$H£GaAs£tE 

undoped-Alo^Gao.aAs/undoped-GaAsStt?'/ < v 7 t ® 

undoped-lno.isGaoasAs^ * 4 

undoped-Alo^GaosAsi'a h^- 

n-GaAsTS5=i > * ? h S 

n-Alo 2Gao.eAsl v ^ > 7 * h / *® 

n + -GaAs_kg8^>*? hS 



(c) 




(d> 



->^109 

/>108 

V^107 




20 : u->*^ h 



[13] [04] 




-3 -2 -1 0 1 2 

Vg (V) 
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[05] 



[86] 




(a) 



■ »-53b,54b 



53a 




52a t undoped-lno <Gao gP'> v 7?f 
53a : n-lno.4Gao. 6 PT£B* * y 7"#U£B 
53b : Mno.sGao.sP-ta^+ y TBtlSS 
54a : undoped-tno^Gao.ePTSB^^-lfg 
54b : undoped-ln 0 jGa 0 3PJi€5^^--9'H 
56b : undoped-lno.5Gao.5Pva v K^-JS^^S 
61 : &tm 



112 
109 

53b, 54b 

,^^54b 
-x ^ — 53a 
^-52a 

----101 



-v-100 



(c) 



im7i 





60,62 I l/'/^h 



70 : ¥ffi»tefnPgtS 

72 : undoped-AJo glno 4ASA y~?TfS 
73a : n-Al 0 . 6 »no.4AsTSB* i» «J 7"#t8SJ§ 
73b : n-Al 0 .4alno.52As±SB* v *J Ti&taM 
74a : undoped-Wo. 6 lno.4As"FSB*^--t*-B 
74b : undoped-Alo.ttlno^aAs-hg^^ — "^S 

76 : undoped-<Al 0 . 8 Gao.z)o.48^o.s2Asv a y h*-J£^fl2fi£g 

77 : n-ln 0 .53Gao.47AsTSJi3 > £ O hg 

78 : n-lno.4sGao. 52 PX y ^ > ^ h v 

79 : n*-lno.s3Gao.47As±SB3>£'7 KB 



[D8] 




TS5 
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[^9] [Si 0] 




(b) 



104b 

1^2053^1 

205cJ 
104a 



102 : undoped-Alo^Gao^As/^ 7 7?g 
103a : n-Al 0 .2Gao B AsTgB*+ 'J7ttteS 
103b : n-Alo.zGaoaAsJtSB* * 'J 7"8ti£Jg 
104a : undoped-Alo^Gao.gAsTSB.*^--* JS 
104b : undoped-AlD^GaoiAs-tSB^-^— y-B 

205 : ^l/-?< v VZ-^^KM 



100 : T4g»teGaAsStfi 

101 t undoped>Al 0 ^Gao.»As/ undoped-GaAsisMS 1 ?-/* v 7 y Jl 

102 : undoped-Alo.2Gao r 8As/<v 7tS 

1 03a : n-AIo^Gao^AsTSB^ * U ^^^H 
103b : n-AlojjGao^As±^^i» >J70ti£JI 
104a : wndoped-Ato^Gao.eAsT^^^— t^S 
104b : undoped-AI D2 Gao.BAsi.S^^— y-Jff 
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